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Abstract
Background: Although physical activity is considered to yield substantial health benefits, the level
of physical activity among European teenagers is not sufficient. Adolescence is characterized by a
decline in physical activity level. Many studies investigated the effectiveness of interventions
promoting physical activity among young people, but none dealt with the available evidence specific
for Europe. This review was conducted to summarize the effectiveness of interventions to promote
physical activity among European teenagers.
Methods: A systematic review was conducted to identify European intervention studies published
in the scientific literature since 1995. Four databases were searched, reference lists were scanned
and the publication lists of the authors of the retrieved articles were checked. The ANGELO
framework was used to categorise the included studies by setting and by intervention components.
Results: The literature search identified 20 relevant studies. Fifteen interventions were delivered
through the school setting, of which three included a family component and another three a family
and community component. One intervention was conducted within a community setting, three
were delivered in primary care and one was delivered through the internet. Ten interventions
included only an individual component, whereas the other ten used a multi-component approach.
None of the interventions included only an environmental component.
Main findings of the review were: (1) school-based interventions generally lead to short term
improvements in physical activity levels; (2) improvements in physical activity levels by school-based
interventions were limited to school related physical activity with no conclusive transfer to leisure
time physical activity; (3) including parents appeared to enhance school-based interventions; (4) the
support of peers and the influence of direct environmental changes increased the physical activity
level of secondary school children; (5) the assumption that a multi-component approach should
produce synergistic results can not be confirmed; (6) when interventions aimed to affect more than
one health behaviour the intervention appeared to be less effective in favour of physical activity.
Conclusion: Overall, the current European literature supports the short-term effectiveness of
school-based physical activity promotion programmes. The available evidence for the effectiveness
in other settings is rather limited and underscores the need for further research.
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Physical activity has been put forward as an important
and modifiable factor influencing people's health. Partic-
ipation in regular physical activity has been associated
with substantial health benefits [1]. Moreover, physical
activity has an inverse linear relationship with obesity and
many chronic diseases namely cardiovascular diseases,
different types of cancer, diabetes mellitus type 2 and oste-
oporosis [2-4].
In adolescence, health behaviours are developed and
these behaviours may persist into adulthood [5,6]. Unfor-
tunately, this period of life is marked by a significant
decline in the time spent in physical activity [1,7,8].
Despite the numerous health gains related to regular
physical activity, most of the teenagers in Europe do not
achieve the public health guidelines [9-11]. These guide-
lines state that 60 minutes or more of at least moderate
physical activity per day is enough to provide substantial
health benefits [12,13]. The development of effective
interventions for the promotion of physical activity
among teenagers is therefore a priority in current public
health research. Recent systematic reviews summarized
the evidence of the effectiveness of interventions promot-
ing physical activity among young people [14-19]. How-
ever, these previous reviews did not address the effects on
teenagers separately [14-16] and they did not incorporate
an assessment of the methodological quality of the stud-
ies [14-18]. In addition, none dealt with the available evi-
dence specific in Europe [14-19]. As Europe is different
from other continents concerning the environmental, cul-
tural, social, economical and political conditions, it is still
unclear what intervention methods are successful among
European teenagers. Regarding health promotion, specific
differences between Europe and other continents include
the priority of health concerns, the structure and organiza-
tion of education, environmental features at home and at
the neighbourhood level and the beliefs and attitudes
concerning physical activity and its relation with health.
As a consequence, the public health guidelines on physi-
cal activity interventions specific for Europe must be in
line with the characteristics and needs of this continent.
The purpose of this review is to give an overview of the
current interventions that target physical activity in Euro-
pean teenagers. For this purpose, we will use a conceptual
framework in order to give a structured overview and to
allow some comparison between the results of the inter-
ventions. The ANalysis Grid for Environments Linked to
Obesity (ANGELO) framework was chosen to categorise
the studies by setting (school setting, school setting with
involvement of family, school setting with involvement of
family and community, community with involvement of
schools, primary care and individual setting) and to clas-
sify the intervention components (individual, physical,
socio-cultural, economical and political components).
This framework was specifically conducted to conceptual-
ize obesogenic environments and to identify potential
intervention settings and strategies [20].
With the information given in this systematic review we
aim to supply policy makers and health care providers
with an evidence based summary in order to (1) build a
bridge across theory and practice, (2) offer new ideas and
recommendation for a variety of settings and sectors and
(3) guide future research in this area.
Methods
1. Search strategy
For the purpose of this review a literature search was con-
ducted to identify interventions to promote physical activ-
ity in teenagers. A structured electronic bibliographic
database search was used to retrieve articles published in
the English language between January 1995 and May
2008. Four databases were searched (e.g. Medline (Pub
Med), Web of Science, SPORT Discus, Cochrane library)
using a search filter comprised of a group of elements
describing: outcome behaviour (e.g. sports, exercise, phys-
ical activity), population (e.g. teenager, adolescent, child),
intervention (e.g. primary prevention, health education,
promotion), and study design (e.g. controlled trial, evalu-
ation studies). The search filter included subject headings
(MeSH) and a range of free text words. To ensure the
search strategy would capture all relevant studies, enough
time had been taken to test the search filter and to adapt
it in an appropriate, designated way for each database.
2. Selection process
The search strategy resulted in a list of potentially relevant
studies. In order to be included, the articles were screened
to determine if they met the postulated inclusion criteria.
The review was restricted to articles on studies conducted
in Europe since 1990 and published in scientific literature
since 1995. The latter in order to particularly focus on
interventions conducted in contemporary epidemiologi-
cal and environmental circumstances. Studies were
included if (1) the effect of primary interventions to pro-
mote physical activity was evaluated, (2) a comparison or
control group was used, 3) the participants were teenagers
with an average age between 10 and 19 years, (4) the main
outcome or one of the outcomes was an objective or self-
reported measure of physical activity (e.g. actual behav-
iour change) and (5) an effect of the outcome measure
was available on at least one follow-up measurement. In
addition, multi-component interventions with other
modalities (e.g. diet, smoking, alcohol) were also
included. Studies were excluded if (1) the participants
were individuals with a health problem or specific disease
and (2) the only outcome was physical activity in educa-
tion classes or physical fitness. These exclusion criteriaPage 2 of 11
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vention studies promoting healthful behavioural habits
and an active lifestyle. To address fully the area and to
make a contribution to the state of the scientific literature,
we did not limit this review to randomized controlled tri-
als and included a wide range of intervention studies.
In a first step of the selection process the list of titles was
scanned and irrelevant articles were excluded. In a next
step, the abstracts were read and the full text of the
remaining studies were retrieved. Subsequently, all papers
were read and screened to come to a final selection. In
order to maximize the yield of the search and to identify
studies that have been missed in the database search, the
reference lists of the retrieved articles, literature reviews
and other relevant publications were scanned. At last, the
publication lists of the authors and co-authors of the
retrieved articles were checked. Any doubts in the inclu-
sion/exclusion process were resolved through discussion
with a second researcher.
3. Methodological Quality
All studies meeting the inclusion criteria underwent qual-
ity assessment using a standardized framework (Quality
assessment Tool for quantitative studies, EPHPP 2008)
[21] recommended by the Cochrane reviewers handbook
[22]. The quality of the studies was rated on eight meth-
odological dimensions: selection bias, study design, con-
founders, blinding (e.g. blinding of the participants and
intervention providers), data collection methods and
withdrawals and dropouts. Based on the content of the
manuscripts each component was assessed and rated
according to a three-grade scale: strong, moderate or
weak. To obtain a global rating, the ratings were summed
according to the guidelines of the quality assessment tool
[21]. Two researchers independently assessed the quality
of the included studies. Disagreements between the two
reviewers were discussed until consensus was reached. The
opinion of a third researcher was consulted to come to
agreement in case of indecisions.
4. Data extraction and data synthesis
Data of the final sample of the studies meeting the inclu-
sion criteria was extracted and summarized in additional
file 1 and additional file 2. For the purpose of this review
the included studies were tabulated according to the
ANGELO Framework. This framework was specifically
developed to conceptualize obesogenic environments and
to identify potential intervention settings and strategies
[20]. The basic framework is a 2 × 4 grid which comprises
two sizes of environment (micro and macro) on one axis
and four types of environment on the other. First, the
included studies were categorized by intervention setting
(school setting, school setting with involvement of family,
school setting with involvement of family and commu-
nity, community with involvement of schools, primary
care and individual setting). Further, the environmental
intervention components were classified as physical
(what is available), socio-cultural (what are the attitudes
and beliefs), economical (what are the costs) or political
(what are the rules) [20]. The framework was extended
with an overview of the individual intervention compo-
nents. In addition, the training provided for the main pro-
viders and/or the parents is also described in additional
file 1.
The use of the ANGELO framework in this review will
ensure that all intervention components will be consid-
ered and that the evidence in this field will be conceptual-
ized in a consistent way. A brief description of the
methodological details of the interventions, such as study
design, target population, relevant outcomes related to
behaviour change, duration of the intervention, the main
results and the ratings of the quality assessment process
are given in additional file 2. In both additional file 1 and
additional file 2 the studies were categorised in accord-
ance to their ratings of the quality assessment process.
In the results section the outcomes of the included studies
are summarised by type of intervention setting and related
with the intervention components identified by the
ANGELO Framework. Because of the heterogeneity of the
studies with respect to the outcome measures for physical
activity, study design and study sample, a meta-analysis
was not performed.
Results
1. Results search strategy
The combined search strategy produced approximately
6900 potentially relevant articles. Based on the titles, irrel-
evant publications and duplicates were eliminated, result-
ing in 351 studies. After reading these abstracts, 68 studies
were selected as still potentially relevant and retrieved in
full text. A careful review of these manuscripts resulted in
14 interventions meeting the above mentioned inclusion
criteria. Reference checking of these 14 yielded another
two studies, in addition to four studies found in the refer-
ence lists of relevant reviews. Thus, the final review
includes a total of 20 interventions.
The majority of excluded articles were studies conducted
in the US and studies not evaluating a physical activity
intervention. Other important reasons for exclusion were
the lack of a physical activity measure or targeting a differ-
ent age group.
2. Methodological quality included studies
After initial assessment of the methodological quality, the
two reviewers reached an inter-rater agreement from 55%
to 89% on the six items. An incomplete description of the
study and reading or interpretation errors were the cause
of the majority of the disagreements. Consensus wasPage 3 of 11
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tion of this item led to a strongly divergent rating (55%
proportion of agreement) and a third reviewer was con-
sulted to reach a consensus on this item.
The results of the quality assessment are summarised in
additional file 2. The global rating of two studies [23,24]
was strong, eight studies [25-32] were rated as moderate
and ten studies [33-42] were rated as weak.
Overall the study designs were strong. Sixteen interven-
tions [23-32,34,35,38,40-42] were controlled trials with a
no-intervention control group. Of these studies, 11
[23,26-29,31,32,38,40-42] reported randomization to
allocate the units to condition but only three [28,41,42]
described the randomization procedure. The majority of
the studies used clusters of units such as schools
[24,26,27,29-31,34,35,39,40], classes [23,28] and com-
munities [25], rather than individuals
[32,33,37,38,41,42] to allocate to the conditions.
In six studies [23,28,32,33,37,38] contamination
between the control and intervention group was possible.
In almost half of the studies [23,24,26,27,29,32,35,38]
there were no significant differences between the condi-
tions at baseline or possible confounders were controlled
for by stratification or matching. Furthermore, in all the
studies except one [32], the intervention providers were
aware of the exposure status of the participants and in
only two of these studies [28,31] the participants were
informed about the purpose of the intervention after the
post-test.
A variety of outcome measures of physical activity was
reported. The most common assessment methods were
self-report questionnaires or recall instruments. Only one
study [31] used an objective measure of physical activity,
while the results of another study [27] relied on the com-
bination of self report and objective measures in a sub-
sample. Ten studies [23,24,26,27,29-33,38] used valid
and reliable instruments to measure physical activity. In
the other studies [25,28,34-37,39-42] validation and/or
reliability was either not tested or not described.
Drop-out percentages were mentioned in or could be cal-
culated for fifteen studies [23-25,27-29,31,32,36-42].
Drop-out ranged from 2,6% [38] to 66% [42]. The most
common reasons of dropouts were non response, absence
on the day of the measurement and questionnaires filled
in inaccurately.
3. Study findings
The effectiveness of the interventions regarding physical
activity is reported in additional file 2, in the following
section the results are summarised using the ANGELO
framework.
School
Of the 20 included studies, nine studies
[23,28,30,31,33,34,37,38,40] were conducted in school
environments without involvement of the family or com-
munity. Only two [31,37] targeted primary school chil-
dren. The first one, the study of Verstraete et al. [31], a
randomized controlled trial, investigated the effect of pro-
viding game equipment. Due to an incomplete descrip-
tion of the blinding process, this study was given a
moderate quality rating. At the end of the 3-month inter-
vention, the accelerometer data clearly indicated that dur-
ing lunch break the intervention was effective in
increasing physical activity in boys and girls. During
morning recess the intervention increased only girls' mod-
erate physical activity. This intervention was part of a
broader physical activity promotion programme what
may have implications for the interpretation of the results.
In contrast, the second study, the 3 month health educa-
tional program 'An adventure with Pelle Pump' evaluated
by Lindberg et al. [37] did not affect the actual health
behaviour of 10-year olds. This Swedish study targeted
physical activity, diet and smoking. The design of the
study and the lack of information on the validity and reli-
ability of the questionnaire accounts for the low quality
rating of this study.
The remaining seven studies [23,28,30,33,34,38,40] were
carried out in secondary or high schools, one was given a
high quality rating [23], two were given a moderate qual-
ity rating [28,30] and four were given a low quality rating
[33,34,38,40]. The moderate and low quality ratings
reflect an incomplete description of the dropouts
[30,33,34] and of the validity and reliability of the assess-
ment tool [28,34,40], a less rigorous design [38], lack of
blinding of the participants and intervention providers
[33,34,38] and an inappropriate manner to control for
confounders [40]. Five studies [23,28,30,33,38] were
restricted to the implementation of individual interven-
tion components.
In the first study, Tsorbatzoudis et al. [30] evaluated a 12-
week health educational program implemented in physi-
cal education lessons in a Greek junior high school result-
ing in positive changes in exercise habits (F = 14.04, p <
0.001). These findings could not be sustained 4-6 weeks
after the end of the intervention.
A second study from the United Kingdom, conducted by
Lubans and Sylva [38], evaluated a health educational
program combined with an exercise program. At the end
of the 10-week intervention, the time spent in moderate
to vigorous physical activity increased significantly in the
intervention group while it decreased in the control group
(F = 9.69, p = 0.001). Three months after the intervention,Page 4 of 11
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trol group was not longer present.
Third, Hill et al. [28] evaluated the effectiveness of a the-
ory-based persuasive leaflet augmented with two cogni-
tive change techniques resulting in 3 intervention
conditions. The participants were students attending a sec-
ondary school in South-East England. Three weeks after
the intervention, the reported exercise of the teenagers in
the three leaflet conditions increased significantly com-
pared to the control condition. The leaflet conditions did
not differ significantly in their impact.
A fourth study examined the effectiveness of a computer-
tailored intervention during classes. Three months after
the intervention, this 1-hour high quality, Belgian study of
Haerens et al. [23] showed a positive impact on school
related physical activity. No effects were found for leisure
time physical activity nor for total physical activity.
The fifth study was conducted in the United Kingdom by
Chatzisarantis and Hagger [33] and compared a persua-
sive message targeting modal salient beliefs with a persua-
sive message targeting nonsalient behavioural beliefs. No
positive results were found in this brief study.
The two remaining secondary school-based studies of
Murphy et al. [40] and Digelidis et al. [34] implemented
some environmental changes in addition to an individual
intervention component. Both trials were rated as weak,
only the Irish study of Murphy et al. [40] was effective.
This study investigated a teacher-led physical activity pro-
gram versus a traditional self-led osteogenic physical
activity program in inactive teenage girls. At the end of the
6-month intervention both groups were moved from the
least to the most active quartile of the age-matched popu-
lation. The girls in the no intervention control group did
not change. One month after the intervention the process
evaluation of a subsample revealed that the girls who fol-
lowed the self-led program were still physically active in
contrast to the girls who followed the teacher-delivered
program.
The last school based study, the Greek study of Digelidis
et al. [34] targeted physical activity and nutrition simulta-
neously. The combination of (1) a health educational
program and (2) changes in the socio-cultural and politi-
cal school environment did not succeed in positive
changes in the leisure time physical activity behaviour.
School with involvement of family
Three intervention studies evaluated an individual
approach with environmental changes on school and
family level. The study from Harrison et al. [24] and the
study from Christodoulos et al. [26] targeted teenagers at
primary school level, while the study from Haerens et al.
[27] was implemented in a secondary school. All three
studies showed positive changes in the level of physical
activity. Based on the content of the published manu-
scripts, the studies were given an acceptable quality rating.
The study from Harrison et al. [24] was rated as strong and
the studies from Christodoulos et al. [26] and Haerens et
al. [27] were rated as moderate.
The first study, the 16-week Irish 'Switch off-get active'
program of Harrison et al. [24], succeeded to increase the
values for moderate to vigorous activity in lower socioeco-
nomic groups. The program combined an individual edu-
cational approach including simple behaviour
modification techniques with parental support.
In the second study of Christodoulos et al. [26], the Greek
primary school children reported at the end of the inter-
vention more time spent in out of school organised phys-
ical activities (p < 0.020) and in moderate to vigorous
physical activity (p < 0.064) than pupils from the control
school. In addition, more pupils reached the recommen-
dations of 60 minutes of moderate to vigorous physical
activity daily (77.4% v 55.1%, p < 0.043). The small
number of participants in a single school district must be
taken into account to consider the results and the transfer-
ability of the results.
In the third study, middle school teenagers were targeted
and the intervention [27] showed differences in effects
according to the context of the activities. A personal tai-
lored intervention combined with changes in the physi-
cal, socio-cultural and political environment induced a
larger impact on school related physical activity (p < 0.05
in boys) than on leisure time physical activity (n.s.). Fur-
thermore, the accelerometer data of a subsample demon-
strated that the Belgian intervention prevented a decrease
of the level of moderate to vigorous physical activity in
boys (p < 0.08) while in girls it increased in both the inter-
vention and control group (n.s.). The effects found after
the first intervention year were almost similar with those
after the second year and parental involvement did not
result in additional effects [43].
School with involvement of family and community
One elementary and two secondary school trials involved
the family and the wider community. The first study, the
programme 'JUMP-in, kids in motion' of Jurg et al. [35]
was implemented at elementary school level and involved
children from low socio-economic backgrounds. This
Dutch programme incorporated an educational compo-
nent combined with changes in the physical, sociocultural
and political environment. It succeeded in: (1) preventing
grade 6 children from becoming less active (2) grade 6
children were more likely to meet the postulated guide-
lines. No significant changes were found in grade 4 and
grade 5. This study failed to blind the participants andPage 5 of 11
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used was not tested on validity and reliability and no
detailed information was available on withdrawals and
dropouts. Given these limitations, the study was rated as
weak.
The two other interventions known as the 'Intervention
centred on adolescents' physical activity and sedentary
behaviour (ICAPS)' and the 'Wessex Healthy schools
Award' were evaluated in secondary school children by
Simon et al. [29,44] and Moon et al. [39]. Both pro-
grammes combined a health educational program and
changes in four environmental components. The inter-
vention of Simon et al. targeted physical activity while the
study of Moon et al. targeted physical activity, diet and
smoking. Although both studies consisted of the same
intervention components, the content of these compo-
nents, the methodological quality rating of the trials and
the impact on the level of physical activity of the teenagers
differed a lot. The target population of the multilevel
ICAPS intervention were students of middle schools in
Eastern France. After the first six months the proportion of
teenagers engaged in out-of-school organised physical
activity increased from 64% to 83% whereas it was
unchanged among the control students (p < 0.01). Since
ICAPS was designed to take place over 4 academic years,
the evaluation of the long-term effectiveness should pro-
vide us with more information in the future. In contrast,
the study from Moon et al. [39], the 'Wessex Healthy
Schools Award', that targeted three health behaviours,
produced no significant changes in the physical activity
level of teenagers. The study by Simon et al. [29] was rated
as moderate, while the study of Moon et al. [39] was rated
as weak. Although both studies were given a low rating on
blinding in the quality assessment, this was the only item
for the study of Simon et al. that received a low rating. The
study of Moon et al. failed also on the items "confound-
ers" and "data collection methods" due to incomplete
description of these items in the published manuscripts.
Community with involvement of school
The project 'Action Heart' developed by Baxter et al. [25]
evaluated an overall community project in the United
Kingdom. The project involved schools and aimed to
modify three risk factors: smoking, diet and exercise.
Beside the implementation of individual intervention
components, the project strived for changes in the physi-
cal, socio-cultural, economical and political environment.
After 3-years of health promotion work only four percent
more teenagers exercised three or more times a week. The
quality of this study was rated as moderate.
Primary care
One British [42], one Irish [36] and one Spanish study
[41] was carried out in a primary care setting. Particularly
due to the lack of information on intervention details in
the published manuscripts all three studies were rated as
weak. The short counselling session in both, the Galway
Health Project of Kelleher et al. [36] and the study of
Walker et al. [42] did not produce apparent results for the
physical activity outcomes. However, the study of Ortega-
Sanchez [41], showed significant positive results. This
intervention involved three counselling sessions accord-
ing to the teenagers' current levels of physical activity over
a 12-month period. After 6 months, the prevalence of
physical activity behaviour (p = 0,008), as well as duration
(p = 0.016), frequency (p = 0.010) and intensity (p =
0.007) of exercise and/or sport were higher in the inter-
vention group compared with the control group. This
effect was sustained and even more pronounced after 12
months. The level of physical activity of the teenagers was
the sole focus of this intervention, while in the study of
Kelleher et al. and Walker et al. the physical activity inter-
vention was part of a multiple risk factor intervention. In
additon, both studies reported a remarkable high percent-
age of individuals who dropped out before the end of the
intervention.
Individual mail-delivered intervention
Only one of the 20 included studies evaluated a personal
mail-delivered educational program. This randomised
controlled trial, conducted by Woods et al. [32] in Scot-
land, was made up of two packages on active living with
self-instructional messages to motivate sedentary students
to become more physically active. After 2 mail-delivered
messages, the students of the intervention group partici-
pated significantly more in sport activities in comparison
to the control group (62%; 38%, p < 0.001). The study
was limited by its response rate for which it received a
moderate quality rating. Only half of the baseline subjects
completed the follow up questionnaire.
Discussion
With this systematic review we aimed to identify interven-
tions to promote physical activity among European teen-
agers. This review systematically identified 20 studies. The
results of 13 [23,24,26-32,35,38,40,41] interventions
showed positive effects on the level of physical activity of
teenagers. Eleven of those studies [23,24,26-31,35,38,40]
were carried out in a school setting.
A first major finding of this review was that the majority
of the school-based interventions did find positive
improvements in the level of physical activity
[23,28,30,31,38,40]. But overall, these positive improve-
ments were short term benefits. In the studies that
included a follow-up measurement, the obtained positive
intervention effects could not be sustained [30,34,38].
The small number of studies that included a follow-up
measurement highlights the need for future research toPage 6 of 11
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ventions. A second major finding was that the positive
improvements generally were limited to school related
physical activity and that there was no conclusive transfer
to leisure time physical activity [23,33,34]. The lack of
behaviour change during leisure time may have been
caused by the mechanisms used in the school-based pro-
grams. Although most school-based programs intended to
achieve a change in lifestyle habits and not intended to
restrict their intervention to changes in school related
physical activity, interventions in a school setting can
unintentionally have focused more on the mechanisms of
behaviour change for school related physical activity.
Another highly plausible explanation is the lack of
involvement and support of family and peers in the inter-
ventions. This assumption is supported by the favourable
results of the school-based interventions that did involve
the family on the level of physical activity during leisure
time [24,26,27]. After all, parents are important gatekeep-
ers of children's physical activity level during leisure time.
Preceding research [45] has identified parental support
and encouragement as correlates of the physical activity
level of teenagers. In addition, parental provision of trans-
portation to activity locations also showed a clear associ-
ation with out-of-school physical activity in South
Californian teenagers [46]. This confirms the third major
finding: physical activity promotion strategies with paren-
tal involvement might have a greater likelihood of suc-
cess. Further European research is needed to strengthen
and confirm this finding.
A fourth major finding was that intervention strategies
that also involved the wider community in the school-
based programs, showed encouraging results [29,35,39].
The physical activity level of secondary school children
increased under the influence of peers and the involve-
ment of the community. This finding is based on the
results of only two interventions [29,35]. The importance
of peers and links with the wider community in the pro-
motion of physical activity must be confirmed by urther
research.
Further, there is little evidence of the effectiveness of
whole community interventions with involvement of
schools. Nevertheless, taking into account that commu-
nity-based interventions can reach a whole population
and may have a substantial impact, this approach deserves
further exploration.
From the evidence found in three studies describing brief
primary care based interventions we can conclude that
counselling sessions delivered by a physician are promis-
ing and can have a positive effect on teenagers' physical
activity when physical activity is the sole focus of the inter-
vention [36,41,42]. We must keep in mind that the qual-
ity of those three studies was rated as weak. But, this low
quality rating was particularly due to the lack of informa-
tion on intervention details in the published manuscripts.
To confirm this conclusion further research with high
quality studies is necessary.
The 20 interventions included, varied not only in setting
but also in their content, their components and as a con-
sequence in their results. Half of the interventions
[23,28,30,32,33,36-38,41,42] were single component
interventions, only targeting changes on the individual
level. The other interventions were multi-component
interventions, including a combination of an individual
behaviour change approach and some broader environ-
mental changes (physical, socio-cultural, economical or
political changes). Although we hypothesised that this
multi-component approach should produce synergistic
results, a fifth major finding is that we found no conclu-
sive affirmation for this assumption.
Most of the multi-component programmes combined
several environmental components with an individual
intervention component. We did not find any interven-
tion evaluating only environmental changes to promote
physical activity. This makes it difficult to disentangle the
most effective intervention components, or in other
words, the answer to the question which components are
necessary and effective and to what extent is not available
yet.
Although the essential components for success should be
confirmed by future research, the following approaches
might be promising. Positive effects on physical activity
levels in primary school children, or 10-11 year olds, were
reached by providing game equipment during recess and
lunch break [31] and by programs combining health edu-
cation lessons and changes in environmental components
such as: parental involvement and support through
homework assignments or through a supervising function
and inclusion of more cooperative, enjoyable, fitness and
goal oriented activities in the physical education lessons
[24,26,31,35,37]. Individual intervention components
delivered in secondary schools that succeeded in altering
teenagers' level of physical activity were: personal physical
activity advice, health education to improve the students'
knowledge, a counselling session adapted to the current
activity level of the teenagers or an activity program. Fur-
thermore, examples of physical, socio-cultural, economi-
cal and political intervention components that might
encourage to be more physically active are: the provision
of more PA opportunities (e.g. more material, more activ-
ities, more variation), stimulation of active transporta-
tion, support by parents and peers, free of charge entry to
safe accessible facilities, change in public transport, part-
nerships with multiple parties [23,27-30,32,38,40,41].Page 7 of 11
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results was the target behaviour of the intervention. Less
positive results were found in interventions that targeted
also other health behaviours next to physical activity
[25,34,36,37,39,42]. This comprises our sixth major find-
ing: when interventions aimed to affect more than one
health behaviour the intervention appeared to be less
effective in changing physical activity.
The majority of the studies reviewed, are hampered by
some methodological flaws. An important factor that
must be considered is that the quality assessment was
solely based on the content of the published manuscripts.
Since not all manuscripts have described the intervention
content and implementation in detail and space restric-
tions imposed by the journals may result in the omission
of most study details, this may have led to an underesti-
mation of the quality of the studies. One of the character-
istics assessed by the quality assessment tool used in this
study is 'blinding'. Although, blinding in behavioural
research is certainly not always convenient or possible, it
is necessary to reduce bias. Nevertheless, it should be pos-
sible to attain blinding at different study levels across
intervention providers and participants. To ensure blind-
ing it could be advisable to plan the study precisely before
the onset, to inform key persons and participants about
these matters and to consider back up plans for situations
where blinding is threatened [47]. Unfortunately blinding
was often not described in detail in the manuscript.
The variety of outcome measures used, relied mostly on
self-reports. Moreover, the validity and reliability of sev-
eral of the used instruments were either not described or
not tested and almost all instruments measured different
or slightly different constructs. Although self-report
instruments can be useful in interventions with a large
number of participants and multiple points of assess-
ment, it is advisable to use more objective and standard-
ised instruments to obtain more verifiable and
comparable results.
In some school-based studies contamination may have
occurred as a result of the control and intervention classes
or individuals that were located in the same schools
[23,28,32,33,37,38]. This could have led to an underesti-
mation of the effectiveness of the interventions or classifi-
cation of an effective intervention as ineffective because
the observed results were not statistically significant.
Furthermore, the post-intervention effects have not been
explored thoroughly, only a few studies included a post-
intervention follow-up in combination with measure-
ments at the end of the intervention [30,34,38,42], mak-
ing it difficult to draw conclusion about the long-term
effects of interventions to promote physical activity
among adolescents.
Limitations and strengths
In order to collect the material for this review we devel-
oped a protocol in line with the instructions and the
framework provided by the Cochrane Collaboration. We
limited our search to publications available in electronic
bibliographic databases and by reference checking. We
did not search conference proceedings, grey literature or
any unpublished interventions but, nevertheless we
believe that we have found the core work in this area.
Although randomized controlled trials are considered to
provide the strongest evidence, these trials are not feasible
in some contexts and the results are sometimes not
broadly implementable [48-50]. Therefore, we found it
important to include also less rigorous designs that allow
us to frame young people's behaviour and responds to dif-
ferent interventions in their own personal context.
Although less rigorous designs could be downgraded in
some methodological areas they could provide important
information for developing strategies that could be repli-
cated with a stronger design.
The use of the ANGELO framework made it possible to
show in a clear and convenient manner (1) the range of
approaches that have been investigated to promote phys-
ical activity among European teenagers and (2) the gaps in
our knowledge about the effectiveness of various
approaches to promote physical activity that should be
filled by future research.
Several studies did not describe the content and imple-
mentation of the intervention in detail. Furthermore,
space restrictions imposed by the journals may result in
the omission of most study details. As this review is only
based on manuscripts themselves, it was hard to draw a
picture of how the components of these interventions
were conducted and implemented. In addition, we might
not have identified all the intervention components, as
the authors have not reported everything that was actually
done. Given this fact, design papers are very helpful. It is
not uncommon that the design and the results of an inter-
vention are described in separate papers. Checking the ref-
erence lists of the retrieved articles, literature reviews and
the publication lists of the authors and co-authors of the
retrieved articles should have minimized omission of
design papers.
Earlier reviews [18,51] underlined the need to develop
socio-cultural and socio-economical appropriate inter-
ventions for diverse populations around the globe, rather
than to conduct interventions merely depending upon
evidence that is hard to generalise. This review gives anPage 8 of 11
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Europe. This focus makes it possible to apply the results to
the different countries of Europe.
Most of the reviewed studies were conducted in diverse
SES groups, but analyses stratified by SES were not done.
The studies [24,35] that included teenagers from a social
disadvantaged group and the study [27] that included
only vocational and technical schools did not compare
the effectiveness of their program with the results of the
same intervention in a population with an average socio-
economical or educational level. Since the prevalence of
physical inactivity is higher in lower socioeconomic
groups and it is an important explanatory factor for socio-
economic inequalities in health and even in mortality
[52,53], empirical evidence is needed towards physical
activity promotion strategies for preventing the socio-eco-
nomic inequalities in unhealthy behaviour in adoles-
cence.
In addition, research into primary care and community
based interventions is required before we can address the
generalisability of these types of programs.
Conclusion
Based on the evidence identified by this review we have
provided a detailed insight in the literature concerning the
effectiveness of interventions to promote physical activity
among European teenagers.
In summary, our six main findings:
(1) School-based interventions generally lead to short
term improvements in physical activity levels.
(2) Improvements in physical activity levels by school-
based interventions were limited to school related physi-
cal activity and there was no conclusive transfer to leisure
time physical activity.
(3) Including parents appeared to enhance school-based
interventions.
(4) The physical activity level of secondary school chil-
dren increased under the support of peers and the influ-
ence of direct environmental changes.
(5) Inconclusive evidence was found for the assumption
that a multi-component approach should produce syner-
gistic results.
(6) When interventions aimed to affect more than one
health behaviour the intervention appeared to be less
effective in favour of physical activity.
Nevertheless, the results of this review also underscore the
need for future work in this area. Our findings highlight
major gaps in our knowledge about physical activity pro-
motion programs for teenagers. More high quality
research is needed considering (i) the effectiveness of
parental involvement, (ii) partnerships with the wider
community as a component of school-based interven-
tions, (iii) whole community based interventions and (iv)
interventions conducted in the primary care setting. In
addition, studies should be conducted to examine the
independent effects of changes in the physical, socio-cul-
tural or political environment on the physical activity lev-
els of teenagers. Furthermore, more attention should be
given to the development and use of standardized and val-
idated instruments to measure physical activity in future
research. Finally, also sustainability of short term inter-
vention effects should be a central topic in future research.
This review confirms that there is little evidence about
strategies for preventing the development of socio-eco-
nomic inequalities in physical activity in adolescence. Fur-
ther research will be conducted by the European project
TEENAGE that will incorporate some of the included
studies in a re-analysis to determine which interventions
best contribute to the prevention of socio-economic ine-
qualities in physical activity and in three other health-
related behaviours in teenagers.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
FDM conducted the literature search, carried out the arti-
cle screening, synthesised the findings and drafted the ini-
tial manuscript. IDB participated in the review design,
provided feedback during the process and contributed in
writing the manuscript. FVL, HS and NL provided critical
comments on the manuscript and helped to draft manu-
script revisions. All authors read and approved the final
version of the manuscript.
Additional material
Additional file 1
Intervention settings and components according to the Angelo frame-
work. This file contains a summary table with the intervention settings 
and components of the included studies according to the Angelo frame-
work.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1479-
5868-6-82-S1.PDF]Page 9 of 11
(page number not for citation purposes)
International Journal of Behavioral Nutrition and Physical Activity 2009, 6:82 http://www.ijbnpa.org/content/6/1/82Acknowledgements
Project TEENAGE - The prevention of socioeconomic inequalities in health 
behaviour in teenagers in Europe - has received funding from the European 
Union in the framework of the Public Health Programme (project-number 
2006323).
References
1. Biddle SJ, Gorely T, Stensel DJ: Health-enhancing physical activ-
ity and sedentary behaviour in children and adolescents.  J
Sports Sci 2004, 22:679-701.
2. Warburton DE, Nicol CW, Bredin SS: Health benefits of physical
activity: the evidence.  CMAJ 2006, 174:801-809.
3. Kokkinos P: Physical Activity and Cardiovascular Disease Pre-
vention: Current Recommendations.  Angiology 2008,
59:26S-29S.
4. Vuori I: Physical activity and health: Metabolic and cardiovas-
cular issues.  Advances in Physiotherapy 2007, 9:50-64.
5. Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari O: Phys-
ical activity from childhood to adulthood: a 21-year tracking
study.  Am J Prev Med 2005, 28:267-273.
6. Scheerder J, Thomis M, Vanreusel B, Lefevre J, Renson R, Vanden
Eynde B, Beunen GB: Sports Participation Among Females
From Adolescence To Adulthood: A Longitudinal Study.
International review for the sociology of sport 2006, 41:413-430.
7. Kelder SH, Perry CL, Klepp KI, Lytle LL: Longitudinal tracking of
adolescent smoking, physical activity, and food choice behav-
iors.  Am J Public Health 1994, 84:1121-1126.
8. van Mechelen W, Twisk JW, Post GB, Snel J, Kemper HC: Physical
activity of young people: the Amsterdam Longitudinal
Growth and Health Study.  Med Sci Sports Exerc 2000,
32:1610-1616.
9. Riddoch CJ, Bo AL, Wedderkopp N, Harro M, Klasson-Heggebo L,
Sardinha LB, Cooper AR, Ekelund U: Physical activity levels and
patterns of 9- and 15-yr-old European children.  Med Sci Sports
Exerc 2004, 36:86-92.
10. Currie C, Gabhainn SN, Godeau E, Roberts C, Smith R, Currie D,
Picket W, Richter M, Morgan A, Barnekow V: Inequalities in young
people's health. HBSC international report from the 2005/
2006 survey.  2008.
11. Cavill N, Kahlmeier S, Racioppi F: Physical activity and health in
Europe evidence for action. World Health Organisation.
2006.
12. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, Rowland T, Trost
S, Trudeau F: Evidence based physical activity for school-age
youth.  J Pediatr 2005, 146:732-737.
13. World Health Organization: Global strategy on diet, physical
activity and health.  Geneva: World Health Organization; 2004. 
14. Jago R, Baranowski T: Non-curricular approaches for increasing
physical activity in youth: a review.  Prev Med 2004, 39:157-163.
15. Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell
KE, Stone EJ, Rajab MW, Corso P: The effectiveness of interven-
tions to increase physical activity. A systematic review.  Am J
Prev Med 2002, 22:73-107.
16. Salmon J, Booth ML, Phongsavan P, Murphy N, Timperio A: Promot-
ing physical activity participation among children and ado-
lescents.  Epidemiol Rev 2007, 29:144-159.
17. Stone EJ, McKenzie TL, Welk GJ, Booth ML: Effects of physical
activity interventions in youth. Review and synthesis.  Am J
Prev Med 1998, 15:298-315.
18. Timperio A, Salmon J, Ball K: Evidence-based strategies to pro-
mote physical activity among children, adolescents and
young adults: review and update.  J Sci Med Sport 2004, 7:20-29.
19. van Sluijs EM, McMinn AM, Griffin SJ: Effectiveness of interven-
tions to promote physical activity in children and adoles-
cents: systematic review of controlled trials.  BMJ 2007,
335:703.
20. Swinburn B, Egger G, Raza F: Dissecting obesogenic environ-
ments: the development and application of a framework for
identifying and prioritizing environmental interventions for
obesity.  Prev Med 1999, 29:563-570.
21. Effective Public Health Practice Project: Quality assessment Tool
for Quantitative Studies.  2008 [http://www.myhamilton.ca/NR/
rdonlyres/6B3670AC-8134-4F76-A64C-9C39DBC0F768/0/
QATool.pdf].
22. Higgins JPT, Green S: Cochrane Handbook for Systematic Reviews of
Interventions Version 4.2.6 [updated September 2006] Chichester: John
wiley & Sons, Ltd; 2006. 
23. Haerens L, Deforche B, Vandelanotte C, Maes L, De Bourdeaudhuij
B: Acceptability, feasibility and effectiveness of a computer-
tailored physical activity intervention in adolescents.  Patient
Educ Couns 2007, 66:303-310.
24. Harrison M, Burns CF, McGuinness M, Heslin J, Murphy NM: Influ-
ence of a health education intervention on physical activity
and screen time in primary school children: 'Switch Off-Get
Active'.  Journal of Science and Medicine in Sport 2006, 9:388-394.
25. Baxter AP, Milner PC, Hawkins S, Leaf M, Simpson C, Wilson KV,
Owen T, Higginbottom G, Nicholl J, Cooper N: The impact of
heart health promotion on coronary heart disease lifestyle
risk factors in schoolchildren: lessons learnt from a commu-
nity-based project.  Public Health 1997, 111:231-237.
26. Christodoulos AD, Douda HT, Polykratis M, Tokmakidis SP: Atti-
tudes towards exercise and physical activity behaviours in
Greek schoolchildren after a year long health education
intervention.  British Journal of Sports Medicine 2006, 40:367-371.
27. Haerens L, Deforche B, Maes L, Cardon G, Stevens V, De Bourdeaud-
huij I: Evaluation of a 2-year physical activity and healthy eat-
ing intervention in middle school children.  Health Educ Res
2006, 21:911-921.
28. Hill C, Abraham C, Wright DB: Can theory-based messages in
combination with cognitive prompts promote exercise in
classroom settings?  Soc Sci Med.  2007 , 65(5):1049-1058.
29. Simon C, Wagner A, DiVita C, Rauscher E, Klein-Platat C, Arveiler D,
Schweitzer B, Triby E: Intervention centred on adolescents'
physical activity and sedentary behaviour (ICAPS): concept
and 6-month results.  International Journal of Obesity 2004,
28:S96-S103.
30. Tsorbatzoudis H: Evaluation of a school-based intervention
programme to promote physical activity: an application of
the theory of planned behavior.  Percept Mot Skills 2005,
101:787-802.
31. Verstraete SJ, Cardon GM, De Clercq DL, De Bourdeaudhuij I:
Increasing children's physical activity levels during recess
periods in elementary schools: the effects of providing game
equipment.  Eur J Public Health 2006, 16:415-419.
32. Woods C, Mutrie N, Scott M: Physical activity intervention: a
transtheoretical modelbased intervention designed to help
sedentary young adults become active.  Health Educ Res 2002,
17:451-460.
33. Chatzisarantis NLD, Hagger MS: Effects of a brief intervention
based on the theory of planned behavior on leisure-time
physical activity participation.  Journal of Sport & Exercise Psychol-
ogy 2005, 27:470-487.
34. Digelidis N, Papaioannou A, Laparidis K, Christodoulidis T: A one-
year intervention in 7th grade physical education classes aim-
ing to change motivational climate and attitudes towards
exercise.  Psychology of Sport and Exercise 2003, 4:195-210.
35. Jurg ME, Kremers SP, Candel MJ, Wal MF Van der, De Meij JS: A con-
trolled trial of a school-based environmental intervention to
improve physical activity in Dutch children: JUMP-in, kids in
motion.  Health Promot Int 2006, 21:320-330.
36. Kelleher CC, Fallon UB, McCarthy E, Dineen BD, O'Donnell M, Kil-
lian M, Hope A, Bluett D, Varley O, McDonagh G: Feasibility of a
Additional file 2
Intervention characteristics, main results and results of the quality 
assessment of the included studies. This file contains a summary table 
with a brief description of the methodological details of the interventions, 
such as study design, target population, relevant outcomes related to 
behaviour change, duration of the intervention, the main results and the 
ratings of the quality assessment process.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1479-
5868-6-82-S2.PDF]Page 10 of 11
(page number not for citation purposes)
International Journal of Behavioral Nutrition and Physical Activity 2009, 6:82 http://www.ijbnpa.org/content/6/1/82Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
lifestyle cardiovascular health promotion programme for 8-
15-year olds in Irish general practice: results of the Galway
Health Project.  Health Promot Int 1999, 14:221-229.
37. Lindberg LC, Stahle A, Ryden L: Long-term influence of a health
education programme on knowledge and health behaviour
in children.  Eur J Cardiovasc Prev Rehabil 2006, 13:91-97.
38. Lubans D, Sylva K: Controlled evaluation of a physical activity
intervention for senior school students: Effects of the life-
time activity program.  Journal of Sport & Exercise Psychology 2006,
28:252-268.
39. Moon AM, Mullee MA, Rogers L, Thompson RL, Speller V, Roderick
P: Helping schools to become health-promoting environ-
ments--an evaluation of the Wessex Healthy Schools Award.
Health Promot Int 1999, 14:111-122.
40. Murphy NM, Ni Dhuinn DM, Browne PA, Orathaille MM: Physical
activity for bone health in inactive teenage girls: is a super-
vised, teacher-led program or self-led program best?  J Adolesc
Health 2006, 39:508-514.
41. Ortega-Sanchez R, Jimenez-Mena C, Cordoba-Garcia R, Munoz-
Lopez J, Garcia-Machado ML, Vilaseca-Canals J: The effect of office-
based physician's advice on adolescent exercise behavior.
Preventive Medicine 2004, 38:219-226.
42. Walker Z, Townsend J, Oakley L, Donovan C, Smith H, Hurst Z, Bell
J, Marshall S: Health promotion for adolescents in primary
care: randomised controlled trial.  British Medical Journal 2002,
325:524-527.
43. Haerens L, De BI, Maes L, Cardon G, Deforche B: School-based
randomized controlled trial of a physical activity interven-
tion among adolescents.  J Adolesc Health 2007, 40:258-265.
44. Simon C, Wagner A, Platat C, Arveiler D, Schweitzer B, Schlienger JL,
Triby E: ICAPS: a multilevel program to improve physical
activity in adolescents.  Diabetes Metab. 2006, 32(1):41-49.
45. Horst K van der, Paw MJ, Twisk JW, Van Mechelen W: A brief
review on correlates of physical activity and sedentariness in
youth.  Med Sci Sports Exerc 2007, 39:1241-1250.
46. Hoefer WR, McKenzie TL, Sallis JF, Marshall SJ, Conway TL: Paren-
tal provision of transportation for adolescent physical activ-
ity.  Am J Prev Med 2001, 21:48-51.
47. Friedberg JP, Lipsitz SR, Natarajan S: Challenges and recommen-
dations for blinding in behavioral interventions illustrated
using a case study of a behavioral intervention to lower blood
pressure.  Patient Educ Couns 2009 in press.
48. Horn SD, Gassaway JRNMS: Practice-Based Evidence Study
Design for Comparative Effectiveness Research.  Medical Care
2007, 45:S50-S57.
49. Nutbeam D: The challenge to provide 'evidence' in health pro-
motion.  Health Promot Int 1999, 14:99-101.
50. Thacker SB: Meta-analysis. A quantitative approach to
research integration.  JAMA 1988, 259:1685-1689.
51. Hoehner CM, Soares J, Perez DP, Ribeiro IC, Joshu CE, Pratt M,
Legetic BD, Malta DC, Matsudo VR, Ramos LR Simões EJ, Brownson
RC: Physical activity interventions in Latin America: a sys-
tematic review.  Am J Prev Med 2008, 34:224-233.
52. Laaksonen M, Talala K, Martelin T, Rahkonen O, Roos E, Helakorpi S,
Laatikainen T, Prattala R: Health behaviours as explanations for
educational level differences in cardiovascular and all-cause
mortality: a follow-up of 60 000 men and women over 23
years.  Eur J Public Health 2008, 18:38-43.
53. Schrijvers CT, Stronks K, Mheen HD van de, Mackenbach JP:
Explaining educational differences in mortality: the role of
behavioral and material factors.  Am J Public Health 1999,
89:535-540.Page 11 of 11
(page number not for citation purposes)
